I Introduction
Stock market bubble is often defined as the deviation between the stock market price and the fundamental price. The theory of rational expectation bubble in Blanchard and Watson (1982) argued that the movement of stock prices is based on rational expectation, and stock bubbles are characterized by a continuous growth in asset prices caused by opportunistic purchases aimed at securing future capital gains. The theory has aroused interesting debates. For example, Tirole (1982 Tirole ( , 1985 showed that stock market speculation relied on "inconsistency plans". Campbell and Shiller (1987) and Lim and Phoon (1991) showed that stock bubbles are consistent with rational expectation when stock prices and dividends are not cointegrated. By using the Bhargava test to check the robustness of results, Diba and Grossman (1988) concluded that stock prices and dividends are cointegrated, but argued that stock bubbles reflected a situation of self-confirming divergence of stock prices from market fundamentals in response to extraneous circumstances. Koustas and Serletis (2005) and Cunado et al. (2005) used a fractional integration analysis, while Ye et al. (2011) applied a nonparametric rank test for cointegration on the NYSE or S&P Composite Index.
For a number of reasons, the Hong Kong's stock market offers an interesting case for the study of stock price. As the third largest world financial center and the freest economy, Hong Kong's political sovereignty was reverted back to the People's Republic of China in July 1997 after being a British colony since the end of the Opium War in 1842. Under the constitution described by the Basic Law, Hong Kong becomes a Special Administrative Region that maintains a capitalist system for 50 years under the "one country, two systems" framework. The Hong Kong economy has achieved an advanced status and has been aiding China's economic reform since 1978. In view of the fact that Hong Kong is a relatively small economy with a quite advanced stock market while China is the largest developing economy with a fast growing but less sophisticated equity market, studies have concentrated on Hong Kong's financial sector in relation in the growing China economy (Li, 2006 (Li, , 2012 Schenk, 2009; He et al. 2006 He et al. , 2009 Leung and Unteroberdoerster, 2008) . Nartea and Wu (2013) pointed that the standard deviation of daily stock market returns in Hong Kong is much higher than that in US in their study from 1992 to 2002.
Institutional investors have a weaker role in Hong Kong when compared to the US stock market. Nartea and Wu (2013) also found little support for an idiosyncratic volatility effect, but other studies pointed to an increasing trend in return idiosyncratic volatility and a 'puzzling' negative relationship between idiosyncratic and total volatility and stock returns. In recent years as shown in Sun et al.(2013) , there is a growing number and concentration of mainland Chinese stocks listed on the Hong Kong stock market in the form of H-share and ''Red Chips'' (refer as ''China listing'' hereafter). The increasing presence of mainland Chinese stocks in Hong Kong increases the size, trading volume, and its link with the China and world markets but reduces the overall volatility of the Hong Kong stock market.
One can argue that the Hong Kong stock market fulfilled the conditions in Blanchard and Watson (1982) that rational expectation would occur as a result of unrestricted personal expectation and opportunistic purchases. By using the Hong Kong Hang Seng Index and the US stock market indexes, Lin and Sornette (2013) demonstrated the feasibility of advance bubble warning to be followed by crashes or extended market downturns. Ahmed et al. (2010) have examined daily returns of stock markets in emerging markets including Hong Kong for the absence of nonlinear speculative bubbles. Lehkonen (2010) used the duration test to study Hong Kong's Hang Seng Index and concluded the absence of rational expectation bubbles.
Most empirical studies on stock markets are based on the general composite index rather than sub-indices that can provide a high data frequency and show the special characteristics of different industrial and business sectors. In Hong Kong, the financial sector sub-indices would be volatile and could subject to rational expectation bubble. In the years before and after the hand-over in 1997, for example, Hong Kong has suffered a number of financial crises that have resulted in economic and financial bubbles. Furthermore, the sub-indices on utilities would show a stable performance as utilities consist of non-tradable industries that often served as shelters or "safe havens" in times of financial crises. The manufacturing sector in Hong Kong that once occupied about 30% of GDP in the early 1980s has declined to less than 10% as manufacturing industries have migrated to mainland China (Li, 2012) . Such a transition would have reflected in the performance of the industrial sub-indices.
With the use of sub-indices, one can examine whether the performance of particular industries with large increase in their stock price would produce rational expectation bubbles for other industries. It would be useful to test whether the stock price performance of one particular industry could result in the rational expectation bubble of another industry. In Hong Kong, the composite Hang Seng Index is divided into four sub-indices of on Utilities, Finance, Properties, and Commerce and Industry.
Using these data and the methodology in Campbell and Shiller (1987) , this paper first applies the ADF and KPSS tests to examine the existence of rational expectation bubble in Hong Kong's stock market. This is followed by the use of causality tests in the four sub-indices. In addition, we hope to provide explanations to the empirical results, as the four sub-indices would have performed differently.
The paper proceeds as follows. Section II presents the theory, methodology and the proposition. Section III gives an overview on the statistical performance of the Hong Kong stock market. The various causality tests on rational expectation bubbles are conducted in Section IV, while the last section concludes the paper. The measurement in the difference between the bubble price and the fundamental price in the stock market based on the study in Miyakoshi et al. (2007) is shown in the Appendix.
II Theoretical Model and Methodology
The definition of rational expectation bubble in Blanchard and Watson (1982) is based on the simple efficient market (no-arbitrage) condition that the expected present value of a stock price at period t is:
(1) E  denote, respectively, the dividend, the discount factor (or stock return) at period t+1 and the expectation conditional on the information set at period t. By calculating the forward infinite periods in Equation (1), the reduced form becomes:
Thus, the stock price, t p , in Equation (2) 
To see how a rational expectation bubble occurs, we insert Equation (4) into Equation (3) and considering a finite 1 t j F + + , the first term in the middle becomes zero:
The t b on the right hand side of Equation (5) is the solution to a homogeneous expectation difference equation, given the extraneous price, 1 t b + . Then, through an iteration process, we have:
Thus, as far as people continue to rational expect that the extraneous price, t j b + , over a fundamental price rises (for example, at the rate of ( 1) t j r + + ), the bubble becomes: Campbell and Shiller (1989) suggested a log linear approximation of Equation
(1), shown as: 
where the tilde letters represent the natural logarithm of a variable, and α and 0 < λ < 1 are parameters. 1 Equation (9) is a linear difference equation for the log stock price.
Solving forward and imposing the no rational bubble terminal condition, we have:
and obtain:
Finally, taking the mathematical expectation of Equation (11) based on the information available at time t and rearranging in terms of the log dividend-price ratio yields: Campbell and Shiller (1989) have derived the necessary condition for non-rational expectation bubble that the log dividend and log stock price have cointegrating vector restricted to (1, -1), namely, the log dividend yield, t
stationary, if rational expectation bubbles do not exist. Craine (1993) pointed out that if the dividend growth factor,
and the stock returns, t j r + , are stationary stochastic processes, then the log dividend yield, t t d p −   , is a stationary stochastic process under the no rational bubble restriction. On the contrary, the presence of a unit root in the log dividend yield is consistent with rational expectation bubble in stock prices. Taking contraposition from the Campbell and Shiller (1989) proposition, we can derive the 1 Note that for the discount factor, 1 t r + , Campbell and Shiller (1989, p. 203) used the rate of treasury bill, commercial paper and stock index return. The stock index return is used here. sufficient condition for the rational expectation bubbles as follows. wide gap between the market price and fundamental price, especially after the early 1990s, indicating widespread speculation in properties. Indeed, the "short-term investment behavior" appeared in the transition years prior to 1997 (Li, 2006 (Li, , 2012 has resulted in speculation. The inflow of "hot money" prior to 1997 had pushed up property price severely. The Commerce & Industry sub-index has also shown a big gap between the two prices, but it also dropped severely in 1998 during the Asian financial The monthly Hong Kong data contain both the stock price and dividend yield for each of the four categories. The dividend yield data are used as a proxy for dividends. The dividend yield for each category is defined as the "total dividend of index constituent stocks divided by the index market capitalization". This is equivalent to say that the dividend is divided by stock price index. We can proxy the dividend by using the product of "dividend yield" and "stock price index" (Hang Seng Bank, 2012). IV. (Dickey and Fuller, 1979) . The reported t-statistics are based on the regressions with the following deterministic components: no deterministic components, τ , a constant only, µ τ , and a constant and a linear trend, τ τ . The procedure for choosing the optimal lag length is to test between one-lag and twenty four-lag for the AR, by using the minimum value of the Akaike Information Criterion (AIC). The residuals from the chosen AR are then checked for whiteness.
3 If the residuals in any equation proved to be non-white, we sequentially chose a higher lag structure until they are whitened. The optimal lag lengths are reported in columns 5-7 of The Kwiatkowski-Phillips-Schmidt-Shin test (KPSS) (Kwiatkowski et al. 1992) argued that unit-root tests often fail to reject a unit root because they have low power against relevant alternatives, and proposed that the KPSS test for the null hypothesis of stationarity, as this can complement the unit-root tests. The KPSS test statistics, reported in columns 8 and 9 of 
IV.2 Tests for Rational Expectation Bubbles
In with the rational expectation bubble. The only exception is found in the no deterministic components, τ . However, as seen in Figure 2 , there exists obviously deterministic components (constant term in the test regression) for the log dividend yield. In spite of deterministic components, we have to test for no deterministic components.
As argued in Diba and Grossman (1988) , a specific sector that experienced a large increase in its stock price could induce the expectation for the economy to growth further and would produce a rational expectation bubble in other industries. This We first conduct the causality tests among the stock returns t r of all sub-indices (Sims, 1972 , Geweke et al., 1983 , Granger, 1969 . Considering the unit root test results shown in Table 1 , we see that the stock returns are stationary, and we can then use these tests directly with the ad hoc lag length of 12. For the Sims (1972) To conduct the test in Geweke et al. (1983) , we further include the lag of the Finance industry in Equation (13): (14) 12 12
, , , Table 3 denote the significance level for the null hypotheses in Equations (13)- (15). On the contrary, the significance levels for non-causality are shown from the figures in the rows to figures in the columns. For example, in Table 3 
IV.3 Robustness Checks
We check the robustness of the results in Table 3 by using the multivariate generalization of Granger causality in the framework of VAR model. We chose the 6 lag-length for each variable which equals to the total lagged variables in Equation (15). Table 4 shows the results of causality. Most of the results support the robustness, except for the Utilities in the second sub-period (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) . We thus have to suspend the result for the Utilities industry. Equations (13)- (15). The significance level for non-causality for variables can be read from the rows to the columns. Geweke et al. (1983) 's test is denoted as GMD. We chose the 4 lag-length for each variable which equals to the total lagged variables in Equation (15). 
:
. : 0 ( 1,., 4); We introduce an exogenous variable of t ϕ for system (17). Then, we have to test whether t ϕ affect the variable t Y , i.e., whether we should introduce the US monthly call rate into system (17). By using the Likelihood Ratio, we test the null hypothesis of no effects on system (17) by the US monthly call rate. In Table 5 , we can find the 4 The real estate price includes monthly, quarterly and annual data. But the monthly data starts from 1993M1. Then, we got the monthly data from 1986M1 to 1992M12 by using linear interpolation on quarterly data. 5 We have implemented an ADF test for the first difference of the logged US monthly of the call rate and for the first difference of the logged real estate price as well as in Table 1 . The results are that all are stationary for both periods. However, the level US call rates have unit roots for both periods even by using ADF test without constant term and trend, with constant term, with constant term and trend.
significance level for null hypothesis, 0.077 for the first period and 0.89 for the second period. Thus, we need not to introduce the US monthly call into system (17). Without the US call, our estimate shown in Table 5 confirm that the results in Table 4 are robust;
that is, the rational expectation bubble of the Commerce & Industry and the Utilities in both sub-periods was not caused by the impact from other domestic industries, but was caused by impact from the growing world economy.
In short, the Hong Kong stock market presents an ideal setting for the investigation on the rational expectation bubble. On the other hand, Hong Kong has a currency board arrangement that prevents the interest rate diverging from the US rate, though this policy imposed no significant impact in our results. Moreover, the Hong Kong has shortage of land, and returns from outright ownership of property attracted investors. However, the real estate bubbles have no effects on the other bubbles in the two sub-periods, as shown in Table 5 . Rather, the impact of the real estate bubble came from the bubbles occurred in other industries, especially in the first sub-period. These results suggest that studies using sub-indices can show the performance of different industries, and that different bubbles can be distinguished so that different policies would be needed to deal with the industries. Diba and Grossman (1988) If domestic policies were necessary, Diba and Grossman (1988) proposed to implement individual industry policies against the non-rational expectation bubbles. As such, these results also supported the needed theories for the study of non-rational expectation bubble in the Hong Kong stock price. For example, Guo and Hung (2010) incorporated the inflow of hot money in their analysis, while Wang et al. (2011) focused on stronger integration in the global financial market, and Koivu (2012) examined the relevance of monetary policy in China's stock market. As shown in Li and Kwok (2009) and Li (2006 Li ( , 2012 , the finance sector in Hong Kong is international and that its market movements would have followed that in other world financial centers.
The "short-term investment behavior" that appeared in Hong Kong's transition years prior to 1997 would have resulted in speculation, and the inflow of "hot money" had pushed up property price severely. Then, the growth rate of the fundamental value equals the growth rate of dividend, we define that at period 0, 0 0 F P = , and also that the price 0 j P − is not overvalued nor undervalued until period 0. Some duration in Equation (A4) is needed in this definition because the market price normally equals to the fundamental price. Then, at least, the growth rate of the fundamental value must be roughly equal to that of the market price until period 0 from several past periods. When the following condition holds, We depict the figure for the market price, the fundamental prices and the size of bubble based on Equations (A4)-(A5). The Hong Kong data in January 1990 showed that 0 0 F P = , and this satisfied the condition in Equation (A3). We also recognized that the price 0 j P − is neither overvalued nor undervalued for several years before January 1990. The bubbles in all four sectors can explicitly be seen from February 1990
onwards, as shown in Figure 1 . However, the bubbled prices (the size of bubbles) for
Utilities and Commerce & Industry continue to go up and down (large and small). That is to say, the bubbled prices seemed to react to the rapidly growing economy of Hong Kong or the other economies. On the other hand, the bubbled prices for Finance in particular and Properties increased rapidly around the time of the dotcom bubble and the global financial crisis bubble, but disappeared afterwards.
